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I A shift register assembly having an integrated 
multi-phased dynamic shift register (50) with a 
corresponding multi-phased driving buffer (60) 
for addressing elements of an array. The shift 
register and buffer combination is used to 
select segments on the array having a common 
select line (VoJthus reducing the number of 
input lines needed to address such an array. 
Furthermore, the multi-phased operation of the 
shift register allows for faster operation than 
that of a traditional shift register setup. 
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This Inv ntion relates to a thin flm transistor de- 
vice for driving a thtn film transistor array. In particu- 
lar, the driving d vice comprises a parallel multi-pha- 
sed shfft register and a multi-phased buffer combin- 
ation for fast addressing select lines of a thin film tran- 
sistor array, where the driving device Is integrated 
with the array. 

Amorphous silicon, (a-Si), thin film transistor 
technology has found numerous applications be- 
cause of its low cost and processing compatibility with 
low temperature glass substrates which allows fabri- 
cation of large area systems. Circuits are regularly 
fabricated with linear dimensions in excess of 30cm. 
Thin film transistors, TFTs, are widely used as pixel 
addressing elements in large area active matrix liquid 
crystal displays, and in printing and scanning bars. 
Printing systems based upon tonography and Elec- 
trography have also been demonstrated with a-SL An 
example of a typical electrographic writing head, 
manufacturable by thin film fabrication techniques, is 
fully disclosed in United States Patent No. 4,588,997 
to Tuan et a). An example of a fabrication technique 
is also discussed In U.S. Patent No. 4,998,146 to 
Hack. 

There are a variety of advantages to large area 
technology when it is applied to input or output devic- 
es. For many competing technologies some form of 
magnification is needed to scale up the system; for 
example laser printing or CCD scanning require opti- 
cal magnification. Printing and scanning systems built 
in large area technology contain fewer mechanical 
and optical parts so the reliability can be higher. 
Moreover, with integrated electronic content on the in- 
put or output device, the number of interconnections 
may be reduced. Therefore, it would be advantageous 
to Integrate more functionality onto a device whereby 
reducing the number of Interconnects. 

The technology for large area electronics is 
based in large part on an extension of crystal silicon 
Integrated circuit technology; process modules of 
metal sputtering, photolithography, and chemical va- 
por deposition are still used. The substrate, however, 
can be a 32 cm x 34 cm rectangle of Corning 7059® 
glass as opposed to a 15 cm 2 slice from a crystalline 
silicon bigot In the version of a-Si technology used for 
the devices in the print array there are three metal 
layers, a Chrome gate metal, a self aligned Chrome 
on N ♦ source and drain, and an Aluminum intercon- 
nect The TFTs are in the inverted staggered struc- 
ture and a passivation layer of sllcon nitride Is used 
over the TFT channel. Polyimlde is used for inter-met- 
al isolation and for final passivation. 

The most striking feature of the drive character- 
istics of a-Si TFT8 Is the low output current These 
transistors have both a low mobility and a large 
threshold voltage (1 V to 2V). The mobility Is nearly 
three rders of magnitude below crystal sflioon. To 
partly compensate for the low drive current higher 



operating voltages are used. The transistors can with- 
stand Vqs (gate to source voltage) potentials up to 40 
V without faiure. However even with th higher drive 
voltage, the switching time is on the order of tens of 

s microseconds. 

The slow speed of a-Si TFTs can be offset by the 
fact that a-Si applications lend themselves to a high 
degree of parallelism. For Instance in an electrograph- 
ic writing head, each Individual writing electrode has 

w its own separate driving circuit and in theory all of the 
circuits can operate in parallel for the head to function. 
In reality however, the number of inputs needed to 
drive all the circuits in parallel makes this approach 
impossible. To reduce the inputs to a manageable 

15 number, a simple multiplexing scheme is used. In this 
scheme, the a-Si circuits are grouped into segments 
of driver circuits which share a common data bus for 
data input and each circuit in a segment has a com- 
mon select line. To load the entire device with data, 

20 each select line is enabled in turn loading the data 
present on the bus into the segment, one segment at 
a time. 

Besides the speed, another complication is the 
threshold voltage shift This is much faster in a-Si 

25 than in crystal silicon. Rises of up to 5V in an opera- 
tional lifetime are seen and must be compensated for 
in the circuit design. Because of the higher threshold 
voltages and the slow speed of the TFTs, operating 
voltages are typically 15 V to 25 V. This complicates 

30 the input to large area circuits because level shifting 
buffers must be used. A large number of level shifters 
can add a significant cost to a system. It is therefore 
desirable to have as few inputs as possible thus re- 
ducing the number of level shifting buffers required. 

35 Such a reduction in input pads to an integrated circuit 
would decrease cost and typically increase reliability. 

An llustretive device is a 11.84 Inch, 400 driver 
per inch print array. The array has 32 parallel data 
drivers per segment resulting in 148 segments; each 

40 being controlled by a single select line. Such a large 
number of Inputs can drive up the cost of the array in- 
terface slgntflcantfy, for reasons already discussed. 
There is opportunity to reduce the number of inputs 
even further by moving the select line drive circuitry 

45 directly into the a-SI array. 

One method is to integrate into the array an a-Si 
seriaJ-in/parallel-out shift register, whereby shifting a 
single active bit down the register enables each of the 
segments tn turn. However, such an implementation 

60 may yield a device which Is too slow for the needs of 
many arrays such as the electrographic writing head 
(e.g. 25kHz). What is needed is an a-Si shift register 
for driving a one dimensional print array integrated on 
the same substrate as a-Si pixel drivers used for wrtt- 

65 ing, which can operate at an increased speed. It would 
be advantageous to have a shift register design which 
could operate easily at an increased speed ( .g. 
100kHz) and which reduces the number of select line 
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Inputs n a device ( .g. from 148 to 9), thereby rep- 
resenting a significant system cost reduction. U.S. 
Patent Number4,466,020 to O'Connell shows th use 
of a shift register integrated on a combination 6 
read/write array. However, the shift register on that 
array is for loading image data, not for enabling seg- 
ments of selected devices. 

In accordance with the present Invention, provid- 
ed is a thin film transistor device for driving a select 10 
line on a thin film transistor array, the select line being 
used to select a plurality of elements on the array and 
the device being integrated with the array. The de- 
vice comprises; a multi-phased dynamic shift register 
element having an output signal; and a multi-phased is 
buffer connected to the output signal of the multi-pha- 
sed dynamic shift register element, which provides 
sufficient drive current for selecting the plurality of 
elements which are sequentially selected. The multi- 
phased buffersamples theoutputcf the multi-phased 20 
shift register only during one of the phases where the 
output of the shift register is valid. With this sampling 
scheme, the speed of the sequential segment selec- 
tion can be Increased. For example, the speed can be 
increased by a factor of four by integrating four four- 25 
phased shift registers one quarter out of phase with 
each other. 

By way of example only, an embodiment of the in- 
vention will be described with reference to the accom- 
panying drawings. 30 
In the drawings: 

Figure 1 is a block diagram of a typical shift reg- 
ister/buffer configuration; 
Figure 2 is a schematic of the dynamic shift reg- 
ister element and the buffer element used in Fig- ss 
ure 1; 

Figure 3 is a block diagram of a shift register/buf- 
fer configuration in accordance with the present 
invention utilizing the shift register element and 
buffer element of Figure 2; 40 
Figure 4 is a timing diagram representing the 
clocks needed to drive the dynamic shift regis- 
ter/buffer configurations and the outputs of the 
buffer elements of Figures 1 and 2; and 
Figure 5 is a schematic representation of an ex- 45 
emplary thirty-two bit segment of an integral thin 
film writing head utilizing the present invention. 
As discussed above, Integrating a shift register 
onto an a-SI array for the purpose of creating sequen- 
tial select pulses can be advantageous. Referring to 60 
Figure 1, shown are eight four-phased dynamic shift 
register elements 50, (SRo-SR 7 ), connected In a tra- 
ditional configuration, which can be used on an array 
to produce sequential select pulses. As seen in this 
traditional configuration, signal V M is shifted down 55 
th line of shift register el merits such that the output 
of SRo feeds the input of SR 1t whose output feeds the 
input of 8R2, etc. In general, the output of on shift 
register element becomes the Input of th next shift 



register elem nt directly in line with It hence shifting 
th V(h signal down the lin .A four-phased shift reg- 
ister is depicted here having four clock Inputs, C1 , C2, 
C3, C4 needed for operation. The waveforms of these 
clock inputs can be seen in Figure 4. Note that docks 
C1 , C2, C3, and C4 are connected to the clock Inputs 
C1 , C2, C3, C4 of shift register 50 respectively. This 
clock connection is the same for each shift register 
element 50 shown in Figure 1. 

As is known with four-phased dynamic shift reg- 
isters, the output of shift register element 50 is valid 
only during two phases of the required four phases of 
the input docks. When using the output of shift reg- 
ister element 50 as a select pulse, that output must be 
buffered to guarantee that the select signal Von is al- 
ways In a valid state and to provide enough driving 
current to drive several select lines. In this case, buf- 
fer element 60 is used to drive the resulting select sig- 
nal. Detailed descriptions of four-phased dynamic 
shift register 50 and buffer 60 are described below. 

Referring now to Figures 2 and 4, a typical four- 
phased ratioless shift register 50 design is shown 
which provides a large switching range and allows for 
fast operating speed since no pull-up devices are 
used. Four non-overlapping clock pulses, C 1t C* C 3 , 
C 4 as seen in Figure 4, and represented during dock 
phases Ft to F 4 , are used to drive shift register ele- 
ment 50. As is known in the art, shift register element 
50 works as follows: during dock phase F t the gate 
capacitance of TFT Q H (between the gate of TFT Qh 
and ground) is charged through TFT Q 1( this is the 
p re-charge phase; during dock phase F 2 , TFT Q 2 is 
switched on, thus the gate capacitance of TFT Qh will 
then be discharged or remain the same depending on 
the input to the gate of TFT QtN, this is the input sam- 
ple phase; dock phases F 3 and F 4 , are similar except 
that the output capacitance on the OUT line is pre- 
charged during F 3 and the state of TFT Qh is sampled 
during F*; and, after one cyde of the four-phased 
clocks, the Input on thegate of TFT Qj N , the IN signal, 
has been shifted to the output becoming the OUT sig- 
nal. This OUT signal becomes the signal to be used 
as a sequential select line. It is important to note that 
the output bit state of the OUT signal is only valid dur- 
ing the F t and F 2 dock phases of the following cyde. 

Buffer element 60 uses a two phase operation 
and is designed to sample the OUT signal of shift reg- 
ister element 50 only during a single phase. As dis- 
cussed above, the OUT signal Is valid only during two 
phases so buffer element 60 needs to sample this 
output signal only during the time the output of the 
shift register element is valid. When the output of the 
shift register element Is not valid, the output of buffer 
element 60 must be valid but inactive. The select line 
OUT or V* Is brought high by charging through TFT 
B 3 during phase F 2 , and Is held to ground by TFT B 4 
during every phase except F 2 , this is accomplished by 
connecting the gate of TFT B 4 to the complement of 
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clock C2 (C2«). The reason for this grounding is to 
create a valid logic low output on the line when the 
output of the shift register element is not valid. 

During the Ft phase, the output of shift register 
el ment 50 is sampled. If the valid output of shift reg- 
ister element 50 is low, the gate capacitance of B 3 is 
charged, causing the select line to be pulsed high dur- 
ing the F 2 phase. Buffer element 60 is an inverting 
buffer changing the input low to an output high. The 
charging through TFT B 3 is aided by the fact that 
when TFT B 3 is turned on, its gate is essentially float- 
ing (both TFT Bi and TFT B2 are off). Therefore the 
gate to drain capacitance of TFT B 3 causes the gate 
potential to bootstrap off of the rising F 2 pulse, main- 
taining a high gate to source potential during the 
charging. For the other case, where the valid output 
of shift register 50 is high, TFT Bs is partially charged 
to the divided voltage between TFT B t and TFT B2 
during phase F 1t During the F 2 phase this node will 
continue discharging leaving TFT B 3 in a marginally 
on state, thus when clock C2 goes high there wilt be 
some unwanted charging of the select line V Qn . This 
problem can be overcome by making TFT B 4 suffi- 
ciently large so that when it switches off its gate to 
drain capacitance pulls the select line sufficiently 
negative to make this charging insignificant resulting 
in an output low signal. 

If each shift register element and buffer element 
combination has a four-phased shift register element, 
then the output of buffer 60 becomes a putse sequen- 
tially selecting the devices connected to the outputs 
of the shift register elements. As seen in Figure 4, this 
pulse or selection signal Vqa occurs once per every 
four clock phases. Therefore, when using a four- 
phased shift register element in the traditional setup 
of Figure 1, the output of the shift register and buffer 
combination is valid only during one of the four phas- 
es. In other words, during three of the four phases 
there are no elements being selected. 

Figure 3 shows eight four-phased dynamic shift 
register elements 50 (SRo'-SIV) with their respective 
buffer elements 60 (B0-B7') having their inputs and 
outputs connected according to the present invention. 
As shown, the output of the first shift register element 
SRq provides the input to shift register element SR4 . 
In the same manner, shift register element SR r pro- 
vides the Input to shift register element SFV, and so 
on. In this configuration, when using four-phased dy- 
namic shift register elements, the output of one shift 
register element provides the Input to the fourth shift 
register element down the line. Another notable dif- 
ference between the configuration of Figure 3 from 
thatof Figure 1 is In the way the clocks are connected 
to the clock inputs of shift register element s50 and 
buffer lement 860. In th configuration of Figure 3, 
ach shif t register element 50 is connected one quar- 
ter out of phase with the next consecutiv or adjacent 
shif t register el ment 50 In line. 



Forexampl , the clock inputs C1,C2,C3, and C4 
to shift register element SRq* are connected to clocks 
C1, C2, C3, and C4 respectively. However, th dock 

5 inputs C1, C2, C3, and C4 to the next shift register 
element SR V are connected to clocks C2, C3, C4, and 
C1 respectively and are one quarter out of phase with 
the dock inputs to SRo'. Note also that the dock in- 
puts to the buffer element assodated with each shift 

10 register element are also one quarter out of phase 
with respect to the next buffer element in line. It is this 
"out of phase" docking which provides for the in- 
crease in performance as will be discussed below. 
The resulting outputs of the shift register system 

15 of Figure 3 are similar to that of the traditional long 
shift register of Figure 1, i.e. sequential select pulses. 
However, as will become apparent, using the multi- 
phased approach as described herein results In the 
ability to run a four-phased dynamic shift register sys- 

20 tern at four times the speed of the traditional setup. 
To the devices being selected, sequential select puls- 
es are produced as with the traditional setup, but by 
running the shift register/buffer element combina- 
tions out of phase, the select pulses can be produced 

25 four times as fast because each of the four phases 
creates a select pulse which can be seen on Figure 4 
with respect to signals V Gn \ 

For further illustration of this four-phased opera- 
tion, refer to the description below and Figures 2, 3 

30 and 4. in the timing diagram of Figure 4, when the in- 
put to the first four shift register elements, Sro'-S R3 \ 
(VnJ goes low, each shift register element 50 will 
sample during different phases. It is the dock on input 
C2 which determines which phase the device will 

35 sample on. From the dock connections of Figure 3, It 
is shown that SRo' samples during F 2 , SFV samples 
during F* SR 2 f samples during F 4 , and SfV samples 
during F, of the next group of phases. During the next 
four phases of the docks this input data will be shifted 

40 to the output of each shift register element 50. The 
output of each shift register element will be valid dur- 
ing only two phases. For SRo' the output wfll be valid 
during phases F, and F 2 in cyde B t for SR/ the output 
will be valid during phases F 2 and F 3 in cyde B, for 

45 SR 2 ' the output will be valid during phases F 3 and F 4 
in cyde B, and for SFV the output will be valid during 
phases F 4 and Fi in cydes B and C. As already de- 
scribed, buffer element 60 will sample during the 
phases when the shift register element output is valid, 

60 delivering its boosted signal during the second of the 
two. Therefore select line Vqo* Is enabled during F 2 of 
cyde B, since buffer element Bo' Is sampling a valid 
output during F t . V G1 * is enabled during F 3 of cyde B, 
Vgq is enabled during F 4 of cyde B, and V03' Is en- 

55 abled during F 1 of cyde C. This cyde will repeat with 
the next four select lines nabl d from F 2 of cyde C 
to Fi of cyde D and so forth, until all of the required 
select lines on a device are nabled. It is the dock 
which is connected to the C2 Inputs of the buffer ele- 
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ments which determines which phase the select lines 
wfil be enabled on. 

As already stated, charging and discharging 
through a-Si TFTs typically takes about 10 microsec- 6 
onds,th refore since each phase in th shift register 
operation involves charging through a TFT, a combin- 
ation (bur-phased shift register 50 with a buffer 60 as 
seen in Figure 1 has an operating frequency of 25kHz. 
However, since the output of the buffer 60, V^. only 10 
occurs during one of the four phases (FJ, and since 
the sole purpose of shift register 50 is to shift a single 
active bit down the line of shift register elements cre- 
ating sequential select pulses, the speed at which 
these select pulses are produced can be Improved by 15 
a factor of four. As can be seen from the timing dia- 
gram of Figure 4, there is a select pulse V^' from the 
shift register and buffer configuration of Figure 3 dur- 
ing each dock phase so that, the select lines are ac- 
tive during each phase of the multi-phased clock gfv- 20 
ing an effective shift register speed of 100kHz. In 
other words, is active during F 2 of B, F 2 of C, F 2 
of D and F 2 of E whereas Vqo* Is active during F 2 of B, 
F 3 of B, F 4 of B F 1 of Cand F 2 of C. 

The combination parallel shift register and buffer 25 
operation needs a complement of each of the four 
clock inputs, C1*, C2*. C3*. C4*. bringing the number 
of clock inputs to eight However, only one shift reg- 
ister Input V| N is needed since a single line can be 
used to start the first four parallel shift register ele- 30 
ments at the beginning of the line of shift register ele- 
ments. Since each of the parallel shift register ele- 
ments only sample their input during their respective 
sample phases, to start a line the shift register input V M 
just needs to be pulsed low during the first occurrences 35 
of phases F 2 ,F 3 ,F 4 , and F 1 as shown in Figure 4. 

Referring now to Figure 5, shown is a thirty-two 
bit segment of a electrographic writing head utllzlng 
the present invention. Several of these thirty-two bit 
segments can be aligned In a linear array making a 40 
full width writing head. Each of the thirty-two bit seg- 
ments Is sequentially selected by a single Von pulse 
created by the shift register/buffer configuration 
shown in Figure 3. Although an electrographic writing 
head Is used as an example of where the shift regis- 45 
ter/buffer configuration can be utilized, it can be ap- 
preciated that the configuration could be used to 
drive many types of TFT arrays as discussed above. 

In general, the output of buffer 60, selection sig- 
nal V G , drives a group of thirty-two Random Access so 
Memory (RAM) ceils 70 concurrently. In order to pro- 
vide adequate current drive for charging the gate ca- 
pacitance of the group of static ram cells 70 (typically 
about 1 0pF) and to provide aO known states for select 
line V f buffer 60 is utilized between the output bit of 55 
shift register element 50 and the gate select line, V 
of RAM cell 70. Th pulse delivered by the buffer 60 
is inverted from th output of shift register 50, there- 
fore a line tim is accomplished by shifting a single ac- 



tive bit 0 (low) down shift register 50 rather than shift- 
ing a bit 1 (high). Once all RAM cells 70 In each thirty- 
two bit segment of array 1 0 are loaded, a write pulse, 
V w is given to all latch cells 80 latching the data from 
RAM cells 70 onto latch cells 80. With the latching of 
the data, the data on latch cells 80 Is then simultane- 
ously transferred to nibs 12 through cascode circuit 
90 for writing onto a medium. As stated, an electro- 
graphic writing head is only one example of where t he 
present invention can be utilized. 

A four-phased multi-phased shift register config- 
uration has been described above. However, one can 
envision a multi-phased shift register configuration 
having M phases. A plurality of multi-phased dynamic 
shift registers arranged in a linear array can be div- 
ided Into blocks of M shift register elements. The out- 
put signal from each of the plurality of multi-phased 
dynamic shift register elements in a block of M is con- 
nected to an input of a corresponding multi-phased 
dynamic shift register element in a next consecutive 
block of M shift register elements. This configuration 
implies that the shift register elements within a block 
of M would be operated 1/M out of phase with each 
other. 

In other words, in the particular case where M is 
equal to four (as illustrated in Fig. 3), each shift reg- 
ister element is a four-phased shift register element. 
A linear array of four-phased shift register elements 
is divided up into blocks of four four-phased shift reg- 
ister elements. The output of the first shift register 
element in a first block of four shift register elements 
drives the input to the first, or corresponding, shift 
register element in a next block of four shift register 
elements. In a similar manner, the output of the sec- 
ond shift register element in the first block of four shift 
register elements drives the input to the correspond- 
ing second shift register element in the next block of 
four shift register elements. 

Another example of a device which can utilize the 
approach described above is an amorphous Silicon 
active matrix display. For instance, for a display with 
1024 columns by 1024 rows, a multi-phased shift reg- 
ister device in accordance wfth the invention can be 
used for the row selection. If this display is to have a 
frame rate of 60Hz, this would require a line time of 
16 microseconds, well within the speed of the shift 
register's operation, and the number of inputs for the 
row drivers would be reduced from 1024 to 9. 

As can be appreciated, a shift register assembly 
in accordance with the present Invention could be util- 
ized by many types of TFT arrays. Although an a-Si 
device is described above, it can be appreciated that 
the device could be made from non-crystalline silicon 
(e.g. poly-crystalline, micro-crystalline). 
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Claims 

1 . A shift register assembly for sequentially driving 

a series of select lines on a thin f 1m transistor ar- 6 
ray, each select line being used to select a plur- 
ality of elements on said array, said assembly be- 
ing integrated with said array, comprising: 

a multi-phased dynamic shift register hav- 
ing an output signal; 10 

a multi-phased buffer receiving an input 
signal and providing an output; and 

said input signal is connected to said out- 
put signal of said multi-phased. dynamic shift reg- 
ister, and said output is for providing drive capa- is 
bDEties for said each select line being used to se- 
lect a plurality of elements on said array, said se- 
lect lines being consecutively activated during 
each phase of multi-phased operation. 

20 

2. A shift register assembly for sequentially driving 
a series of select lines (V on -) on a thin film tran- 
sistor array, each select line being used to select 
a plurality of elements (70) on said array, said as- 
sembly being integrated with said array and com- 25 
prising, for each select line, a respective multi- 
phased dynamic shift register element (50) and a 
multi-phased buffer element (60); wherein the 
buffer element has an Input connected to receive 

an output signal from the shift register element 30 
and an output which is connected to provide drive 
capabilities to the respective select line to select 
the associated plurality of elements on the array; 
and wherein the select lines are consecutively ac- 
tivated during each phase of multi-phased oper- 35 
ation of the assembly. 

3. An assembly as claimed in daim 2, in which the 
shift register elements are divided Into groups 

and the output of each shift register element in 40 
one group is connected to provide an input to a re- 
spective shift register element in another group. 

4. An assembly as claimed in claim 2 or claim 3, in 
which clock Inputs to the shift register element 45 
associated with one select line are out of phase 
with clock inputs to the shift register element as- 
sociated with the next select line In the series. 

5. An assembly as claimed in any one of claims 2 to so 
4, In which the shift register elements are four- 
phased elements and are divided into groups 
each comprising four elements (SRo-SR^, SR*~ 
SR r ), the output of each shift register element 
(SR?) In one group being connected to provide an 55 
input to a respective shift register elem nt(SR4 r ) 

in another group. 



inputs (C1, C2, C3, C4) to th shift register la- 
ments In a group are one quarter out of phase 
with each other. 

7. An electrographic writing head comprising a ser- 
ies of segments aligned in a linear array, each 
segment comprising a plurality of writing nibs (12) 
and having a respective select line (V G ), wherein 
the series of select lines is driven by a shift reg- 
ister assembly as claimed in any one of the pre- 
ceding claims. 



6. An assembly as claimed In claim 5, in which clock 
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